a2 United States Patent
Wengel

US009297009B2

US 9,297,009 B2
*Mar. 29, 2016

(10) Patent No.:
(45) Date of Patent:

(54) UNA OLIGOMERS TARGETING MICRO-RNA

FOR THERAPEUTICS

(71) Applicant: Arcturus Therapeutics, Inc., San
Diego, CA (US)

Inventor:

(72) Jesper Wengel, Odense C (DK)

(73) Assignee: Arcturus Therapeutics, Inc., San

Diego, CA (US)
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

U.S.C. 154(b) by O days.

This patent is subject to a terminal dis-
claimer.

@
(22)

Appl. No.: 14/703,016

Filed: May 4, 2015

(65) Prior Publication Data

US 2015/0232851 Al Aug. 20, 2015

Related U.S. Application Data

Continuation of application No. 13/652,965, filed on
Oct. 16, 2012, now Pat. No. 9,051,570, which is a
continuation of application No. 12/515,403, filed as
application No. PCT/US2008/064417 on May 21,
2008, now Pat. No. 8,314,227.

(63)

(30) Foreign Application Priority Data

................................. 2007 00751
................................. 2007 01718
... 2007 01785
................................. 2008 00534

May 22, 2007
Nov. 30, 2007
Dec. 14, 2007
Apr. 11, 2008

(1)

(52)

Int. Cl1.
CI2N 15/113
U.S. CL
CPC ... CI2N 15/113 (2013.01); CI2N 2310/14

(2010.01)

~0—P=0

Monomer A

(2013.01); CI2N 2310/31 (2013.01); CI2N
2310/321 (2013.01); CI2N 2310/323 (2013.01);
CI2N 2310/3231 (2013.01)
(58) Field of Classification Search
CPC ittt CI2N 15/113
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

4,199,574 A
4,968,686 A

4/1980 Schaeffer
11/1990 Townsend

(Continued)

FOREIGN PATENT DOCUMENTS

WO WO/96/29336 Al 9/1996

WO0/99/08688 Al 2/1999
(Continued)

OTHER PUBLICATIONS

Xiaojuan Pei et a;., Arch Pharm Res 2009, vol. 31, No. 7, pp. 843-849,
Synthesis of 3'-C-Hydroxymethyl-substituted Pyrimidine and Purine
Nucleosides as Potential Anti-Hepatitis C Virus (HCV) Agents.

(Continued)

Primary Examiner — J. E. Angell
(74) Attorney, Agent, or Firm — Eckman Law Group

(57) ABSTRACT

This invention provides UNA oligomers for therapeutics that
can be used to target micro-RNAs. The UNA oligomers can
be composed of one or more 2'-3'-seco-nucleomonomers and
one or more natural or non-natural nucleotide monomers, and
can be a single stranded oligomer. Embodiments include
UNA oligomers with phosphorothioate or boranophosphate
intermonomer linkages. The UNA oligomers can be used to
target micro-RNAs to reduce micro-RNA activity.

9 Claims, 7 Drawing Sheets

2
0

0 BASE
HO

0 OH
[
~0—P=0

Monomer B

; ; ;
0 BASE 0 BASE 0 BASE
) ~/ ~
o] o] OH OH 0
| | |

~0—P=0
3

Monomer C

~0—P=0
H

Monomer D

~0—P=0
3

Monomer E



US 9,297,009 B2

Page 2
(56) References Cited WO 03106477 Al  12/2003
WO 2004090108 A2  10/2004
U.S. PATENT DOCUMENTS WO WO02004090105 A2 10/2004
WO WO0/2004/094595 A2 11/2004
5786359 A 7/1998 Reitz wo 2005089268 9/2005
5,898,031 A 4/1999 Crooke WO 2005089287 A2 9/2005
6037176 A 3/2000 Bennett WO WO/2005/089268 A2 9/2005
6.069.132 A 52000 Revanker WO 2005121372 A2 12/2005
6,506,559 Bl 1/2003 TFire WO 2006085987 A2 8/2006
6608035 Bl 82003 Agrawal WO  WO/2006/112872 A2 10/2006
6,753,139 Bl 6/2004 Baulcombe wo 2007022369 A2 2/2007
7,056,704 B2 6/2006 Tuschl WO 2007051303 Al 5/2007
7,078,196 B2 7/2006 Tuschl
7,459,547 B2  12/2008 Zamore OTHER PUBLICATIONS
7,579,451 B2 8/2009 Manoharan
;’%’233 g% ggg}g %ﬁﬁgﬁr " Pandolfi, Nucleosides & Nucleotides, 1999, vol. 18 (9), 2051-2069.
7750.144 B2 7/2010 Zamore Habus, Nucleosides & Nucleotides, 1995, vol. 14 (9&10), 1853-
7,786,290 B2 8/2010 Woppmann 1859.
7,915,399 B2 3/2011 MacLachlan IUPAC-IUB Joint Commission on Biochemical Nomenclature
8,101,584 B2 1/2012 Kreutzer Abbreviations and Symbols for the Description of Conformations of
8,101,742 B2 1/2012 Kreutzer Polynucleotide Chains, Current Protocols in Nucleic Acid Chemistry
8,258,285 B2 9/2012 Baulcombe 2000, pp. A.1C.1-A.1D.3.
g’gég%%z g% liggg }r’Ven%clel """""""""""" 536/24.5 Mangos, Journal of the American Chemical Society, 2003, vol. 125,
8’420’391 B2 42013 Tﬁzzhl pp. 654-661, Efficient RNase H-Directed Cleavage of RNA Pro-
8.546.143 B2  10/2013 Kreutzer moted by Antisense DNA or 2F-ANA Constructs Containing
2002/0086356 Al 7/2002 Tuschl Acyclic Nucleotide Inserts.
2003/0143732 Al 7/2003 Fosnaugh Nielsen, Bioorganic & Medicinal Chemistry,1995, vol. 3 (1), pp.
2004/0171570 Al 9/2004 Allerson 19-28, Synthesis and Evaluation of Oligodeoxynucleotides Contain-
2004/0175703 Al 9/2004 Kreutzer ing Acyclic Nucleosides: Introduction of Three Novel Analogues and
2004/0192626 Al 9/2004 McSwiggen a Summary.
%88‘5‘;8%83533 ﬁ} 1%88‘5‘ g“}tﬂ Thrane, Tetrahedron,1995, vol. 51 (37), pp. 10389-10402, Novel
5005/0107325 Al 52005 M::lloi:.rran Linear and Branched Oligodeoxynucleotide Analogues Containing
2005/0223427 Al 10/2005 Khvorova 4'-C-(Hydroxymethyl Thymidine.
2005/0244858 Al 11/2005 Rossi Elbashir, EMBO Journal, 2001, vol. 20 (23), 6877-6888.
2005/0288244 Al  12/2005 Manoharan Czauderna, Nucleic Acids Research, 2003, vol. 31 (11), 2705-2716.
2006/0122391 Al 6/2006 Babu ) Nielsen,  Oligonucleotide  Analogues  Containing  4'-C-
%882; 8%;%28 ﬁ} 3; %882 %cS\xﬁggen (Hydroxymethyl)uridine: Synthesis, Evaluation and Mass Spectro-
anoharan metric Analysis, Bioorganic & Medicinal Chemistry, vol. 3, No. 1 I,
sorrsid AL I M
g8 Petersen, LNA: a versatile tool for therapeutics and genomics, Trends
in Biotechnology vol. 21 No. 2 Feb. 2003.
FOREIGN PATENT DOCUMENTS Pfundheller, Locked Nucleic Acid Synthesis, Chapter 8 in Methods
WO WO/03/004602 A2 1/2003 in Molecular Biology, 2005, vol. 288: Oligonucleotide Synthesis:
WO 03037909 Al 5/2003 Methods and Applications, Edited by: P. Herdewijn, Humana Press.
WO WO/03/037909 Al 5/2003
WO 03070918 A2  8/2003 * cited by examiner



U.S. Patent Mar. 29, 2016
:
0 BASE
0 OH
|
~0—P=0
2
Monomer A

; ; ;
o BASE o BASE o BASE
0 OH OH
|

Sheet 1 of 7 US 9,297,009 B2
;
0 BASE
HO
0 OH
I
“0—P=0
3
Monomer B

~“0—P=0 ~0—P=0 “0—P=0
3 3
Monomer C Monomer D Monomer E

Fig. 1



U.S. Patent Mar. 29, 2016 Sheet 2 of 7 US 9,297,009 B2

Oovwv
WaVa¥,

—Iio?l?ase O—I<O Base

? O0—R ? S—R
‘0O—P=0 0 —I§=O
Monomer F Monomer G

VG ¢
0—§=0 O{R o—g=o R o—g=o [Nj
Monomer H Monomer [ O R
Monomer J

R = hydrogen, alkyl, cholesteryl derivative, fluorophore, polyamine,
fatty acid, amino acid, saccharide, or polypeptide

Fig. 2



U.S. Patent

Mar. 29, 2016 Sheet 3 of 7 US 9,297,009 B2
; ;
0 BASE 0 BASE
HO
0 0 OH
I I
“0—P=0 ~“0—P=0

3 3
Monomer C Monomer D

Fie. 3



U.S. Patent Mar. 29, 2016 Sheet 4 of 7 US 9,297,009 B2

120

100

60 —

Normalized FL/RL

Zz A e 1

w123 w126  W187 w281 Mismatch
Woo6 W125 w186 w188 siERgFAP-

Antisense Strand W006: 5' - ACUUGUGGCCGUUUACGUCGL cLu (SEQ ID NO: 1)
Antisense Strand W123: 5' - ACUUGXGGCCGUUUACGUCGL CLU (SEQ ID NO: )
Antisense Strand W125: 5' - ACUUGUGGCCGUUUACGXCG- CLU (SEQ ID NO: )
Antisense Strand W126: 5' - ACUUGUGGCCGXUUACGUCGL cLU (SEQ ID NO: )
Antisense Strand W186: 5' - ACUUGXGGCCGXUUACGXCGL CLU (SEQ ID NO: )
Antisense Strand W187: 5' - ACUUGXGGCCGXUUACGUCGL CLU (SEQ ID NO: )
Antisense Strand w188: 5' - ACTLueTLGGccaxuTLcaceTlcal cLu (SEQ ID NO: 4)
Antisense Strand W281: 5' - ACUUGUXGCCGUUUXCGUCGXU(SEQ ID NO: )

Sense Strand W130: 5' - GACGXAAACXGCCACAAGGUTL ¢LU (SEQ ID NO: )

Fig. 4



U.S. Patent Mar. 29, 2016 Sheet 5 of 7 US 9,297,009 B2

120

100

o)
o
|

B
[enn)
|—|——|
|

Normalized FL/RL signal
|

u
|_I_|I|_I—|I|'I‘|I|—I—|I ||-1_|||-x_|| lrhl
W123 W126 w187 w281 Mismatch

w006 W125 w186 w188 siRNA-
EGFP

Sense Strand W131: 5' - ACGUAAACGGCCACAAGUUXU (SEQ ID NO:)

Fie. 5

N
o

o

120

100

60 J[ - [Ows2]

40 B

2017 |
0 |-1-| T T [ T |-_| T T T |-I_| T T rl_l T
w123 W126 w187 w281 Mismatch

w006 W125 w186 w188 SiRNA-
EGFP

Sense Strand W282: 5' - GAXGUAAACGGCCACAXGUUXU (SEQ ID NO: 11)

Fig. 6

Normalized FL/RL




U.S. Patent Mar. 29, 2016 Sheet 6 of 7 US 9,297,009 B2

120

100

80 B

0 i

Normalized FL/RL

|t oallal

W123 W126 w187 W281 Mismatch

w006 W125 w186 w188 siRNA-
EGFP

Sense Strand Wi94: 5' - GACGUAAACGGCCACAAGGUTL CLU (SEQ ID NO: )

Fig. 7

120

100

60 - LI W181

40 B

20 ! ]L |
OF’_ITlﬂlr‘wl [] i

I I I I I
W123 W126 w187 w281 Mismatch

w006 w125 w186 w188 SiRNA-
EGFP

Normalized FL/RL

Sense Strand Wi81: 5' - GACLGUAAACLGGCCL Act AaGGUTL ¢ L(SEQ ID NO: )

Fig. 8



U.S. Patent Mar. 29, 2016 Sheet 7 of 7 US 9,297,009 B2

120

100

o
o
|

L1 W129

S
l—I—l
|

Normalized FL/RL signal
3
|

)
o

b
r]_lll-hlrl—llrl—ll ||_r|||_1_|| |rl_||
w123 w126 w187 w281 Mismatch

w006 W125 w186 w188 SiRNA-
EGFP

Sense Strand W129: 5' - GACGXAAACGGCCACAAGUTLCLU (SEQ ID NO: )

o

Fig. 9



US 9,297,009 B2

1
UNA OLIGOMERS TARGETING MICRO-RNA
FOR THERAPEUTICS

SEQUENCE LISTING

This application includes a sequence listing submitted
herewith via EFS as an ASCII file created on Nov. 19, 2009,
named ARC841US_SL.txt, which is 5456 bytes in size, and is
hereby incorporated by reference in its entirety.

BACKGROUND

RNA interference (RNAI1) has attracted massive attention
in recent years, as it provides a means to silence the expres-
sion of a target gene. It provides basic research with a method
for studying genetic and biochemical pathways, and the func-
tion of individual genes and gene products. Consequently,
RNA interference has become a critical tool for target vali-
dation in the pharmaceutical industry. Moreover, substantial
investments have been made with the goal of developing
RNA complexes capable of mediating RNA interference
complexes that can be used as drugs.

The attractiveness of RNAi for use in therapy lies in its
sensitivity and sequence specificity. However, concerns have
arisen concerning sequence specificity, e.g. because the
wrong strand of the RNA complex may direct the response to
the wrong target nucleic acids. Moreover, RNA complexes of
a certain size induce a non-specific interferon dependent
response, which is also undesirable.

Patent application US2003/0108923 describes RNA com-
plexes capable of mediating RNAi comprising an antisense
strand and a passenger strand, wherein the strands are 21-23
nucleotides in length. It is suggested that the RNA complexes
are used for therapeutic applications.

Similarly, patent application US2005/0234007 describes
RNA complexes capable of mediating RNAi comprising an
antisense strand and a passenger strand, wherein the complex
comprises 3'-overhangs. It is suggested that the RNA com-
plexes are used for therapeutic applications.

W02005/073378 describes RNAi complexes containing
chemically modified nucleotides capable of mediating RNAi
comprising an antisense strand and a passenger strand. The
RNA complexes described in the specification comprise LNA
residues and it is stated that incorporation of LNA residues
near the 5'end of one of the strand can control which strand is
incorporated in the RISC complex, because the strand that
forms the weakest base pair at its S-end is incorporated into
the RISC complex.

RNAI is only one of several strategies for mediating inhi-
bition of gene expression using oligonucleotides, including
the RNA complexes of this invention. These different strate-
gies, that include RNase H mediated RNA cleavage, steric
block RNA binding, DNAzyme or Ribozyme mediated RNA
cleavage and siRNA approaches have been described in the
literature together with the nature of selected chemically
modified nucleotides that are compatible with biological
activity [J. Kurreck, Eur. J. Biochem. 2003, 270, 1628].

The hydroxymethyl substituted monomers B-E of the
invention have been incorporated into DNA strands, and
therefore procedures for preparation of their phosphoramidite
building blocks for automated DNA/RNA synthesis have
beenreported [K. D. Nielsen etal., Bioorg. Med. Chem. 1995,
3, 1493; H. Thrane et al., Tetrahedron 1995, 51, 10389; P.
Nielsen et al., Bioorg. Med. Chem. 1995, 3, 19]. It is exclu-
sively thymine monomers that have been incorporated into
DNA strands. None of the hydroxymethyl substituted mono-
mers have previously been incorporated into RNA strands.
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In one report, one or two 2'-secouridines was incorporated
into a DNA oligonucleotide and a positive effect on RNase H
mediated RNA degradation was observed (Mangos M M,
Min K L, Viazovkina E, Galarneau A, Elzagheid M 1, Parniak
MA, Damha M J., JAm Chem Soc. 2003 Jan. 22; 125(3):654-
61).

SUMMARY

The present invention provides RNA complexes with one
or more hydroxymethyl substituted monomers incorporated
into an RNA strand to be used in relation to RNA-guided gene
regulation or gene analysis, in particular RNA interference.
Thus, it is an object of the present invention to provide RNA
complexes, which have reduced off target effects as compared
to the RNA complexes typically used. Another object is to
provide RNA complexes which induce a reduced interferon
response. Still another object is to provide RNA complexes
with improved properties with regard to stability towards
enzymatic degradation in cell cultures or in vivo. Still another
object is to provide RNA complexes that display enhanced
gene regulatory function, e.g. gene silencing effect, in cell
cultures or in vivo, relative to the unmodified RNA com-
plexes. Yet further objects are to provide RNA complexes that
are targeted towards specific organs or tissue, and that are
capable of penetrating the cell membrane. The present inven-
tion also provides monomers suitable for incorporation of
hydroxymethyl substituted monomers into oligonucleotides
and methods for their synthesis.

BRIEF DESCRIPTION OF DRAWINGS

FIG.1

Examples of the different architectures of the hydroxym-
ethyl substituted nucleotides that are incorporated in the RNA
complexes are shown. Monomer A is shown for comparison
and is a natural RNA monomer with its ribose scaffold. The
characteristic of Monomers B-E that are comprised in the
RNA complexes of the invention is that they contain a sub-
stituent that is a hydroxymethyl group (“the free hydroxym-
ethyl group”), and therefore the invention is entitled
“Hydroxymethyl substituted RNA oligonucleotides and
RNA complexes”. The free hydroxymethyl group is for
example attached at the C4' atom of a cyclic ribose scaffold or
the C1' atom of an acyclic ribose-based scaffold. The
hydroxymethyl substituted nucleotides of the invention con-
tain other oxygen atoms that are each attached to a phospho-
rus atom and thus partake in the formation of internucleotide
linkages (see FIG. 1). One or more of these other oxygen
atoms can be part of a hydroxy group which is the case when
one or more of the hydroxymethyl substituted nucleotides of
the RNA complexes of the invention is (are) positioned at the
3'- or 5'-end of an RNA strand. When one of the hydroxym-
ethyl substituted nucleotides of the RNA complexes of the
invention is positioned at the 3'-end and/or the 5'-end of the
RNA strands, a hydroxyl group of this monomer can be
phosphorylated, as can be the case for any terminally posi-
tioned natural RNA monomer. To the hydroxymethyl substi-
tuted nucleotides of the invention is attached a nucleobase
like uracil, thymine, cytosine, S-methylcytosine, adenine,
guanine or any other known natural or synthetic nucleobase
or nucleobase analogue (designated as “Base” in FIG. 1).

FIG.2

Derivatised, functionalised and conjugated variants of the
hydroxymethyl substituted monomers are shown. As
examples are shown derivatised, functionalised and conju-
gated variants of the hydroxymethyl substituted 2',3'-seco-
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RNA monomer D (see FIG. 1). Monomer F contains a group
R linked via an ether linkage. Monomer G contains a group R
linked via a thioether linkage. Monomer H contains a group R
linked via an amide linkage. Monomer I contains a group R
linked via an amino linkage. Monomer J contains a group R
linked via a piperazino unit. By incorporation of one or sev-
eral of such monomers into the RNA complexes of the inven-
tion, the properties of the RNA complexes can be modulated.
For example can increased biostability, increased RNA tar-
geting capability or specific delivery properties be intro-
duced, and fluorescent groups can be attached for detection
purposes.

FIG.3

Structures of two of the hydroxymethyl substituted mono-
mers (Monomer C and Monomer D) that may be a monomer
of an oligonucleotide or RNA complex.

FIG. 4

Gene silencing results for siRNA complexes of the inven-
tion containing “monomer X” (i.e., 2',3'-seco-RNA Monomer
D). Results were obtained with the W130 sense strand (see
FIG. 4 for nucleotide sequence) containing Monomer D hav-
ing uracil as the nucleobase (shown as ‘X’ in the W130 sense
strand). The nucleic acid sequence of the antisense strands
used in this study are listed at the bottom of this figure (all X
monomers in the antisense sequences are Monomer D having
uracil as the nucleobase). Monomers with a superscript “L.”
represent a locked nucleic acid (e.g., TZ indicates a thymine
locked nucleic acid or LNA).

FIG. 5

Gene silencing results for siRNA complexes of the inven-
tion containing “monomer X” (i.e., 2',3'-seco-RNA Monomer
D). Results were obtained with the W131 sense strand (see
FIG. 5 for nucleotide sequence) containing Monomer D hav-
ing uracil as the nucleobase (shown as ‘X’ in the W131 sense
strand). The nucleic acid sequence of the antisense strands
used in this study are listed at the bottom of FIG. 4 (all X
monomers in the antisense sequences are Monomer D having
uracil as the nucleobase).

FIG. 6

Gene silencing results for siRNA complexes of the inven-
tion containing “monomer X” (i.e., 2',3'-seco-RNA Monomer
D). These results were obtained with the W282 sense strand
(see FIG. 6 for nucleotide sequence) containing Monomer D
having as nucleobase cytosine (sC, first X from the 5'-end of
the W282 sequence), adenine (sA, second X from the 5'-end
of the W282 sequence) and cytosine (sC, last X from the
3'-end of the W282 sequence). The nucleic acid sequence of
the antisense strands used in this study are listed at the bottom
of FIG. 4 (all X monomers in the antisense sequences are
Monomer D having uracil as the nucleobase).

FIG.7

Gene silencing results for siRNA complexes of the inven-
tion containing “monomer X” (i.e., 2',3'-seco-RNA Monomer
D). These results were obtained with the W194 sense strand
(see FIG. 7 for nucleotide sequence). The nucleic acid
sequence of the antisense strands used in this study are listed
at the bottom of FIG. 4 (all X monomers in the antisense
sequences are Monomer D having uracil as the nucleobase).
Monomers with a superscript “L” represent a locked nucleic
acid (e.g., T indicates a thymine locked nucleic acid or
LNA).

FIG. 8

Gene silencing results for siRNA complexes of the inven-
tion containing “monomer X” (i.e., 2',3'-seco-RNA Monomer
D). These results were obtained with the W181 sense strand
(see FIG. 8 for nucleotide sequence). The nucleic acid
sequence of the antisense strands used in this study are listed
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at the bottom of FIG. 4 (all X monomers in the antisense
sequences are Monomer D having uracil as the nucleobase).
Monomers with a superscript “L” represent a locked nucleic
acid (e.g., T indicates a thymine locked nucleic acid or
LNA).

FIG.9

Gene silencing results for siRNA complexes of the inven-
tion containing “monomer X” (i.e., 2',3'-seco-RNA Monomer
D). These results were obtained with the W129 sense strand
(see FIG. 9 for nucleotide sequence) containing Monomer D
having uracil as the nucleobase (shown as ‘X’ in the W129
sense strand). The antisense strands included in this study are
listed atthe bottom of FIG. 4 (all X monomers in the antisense
sequences are Monomer D having uracil as the nucleobase).
Monomers with a superscript “L” represent a locked nucleic
acid (e.g., T indicates a thymine locked nucleic acid or
LNA).

DETAILED DESCRIPTION

Specific features described in one aspect of the invention
also apply to other aspects of the invention. E.g. features
described with regards to the RNA complexes of the first
aspect also apply to the oligonucleotides of the ninth aspect
and to the RNA duplexes of the tenth aspect where appropri-
ate.

First Aspect, RNA Complexes

RNA complexes in the form of siRNA duplexes or single
stranded RNA can mediate various modifications of target
nucleic acids inthe cell. In this process, the antisense strand of
the complex acts as a guide, as the antisense strand can
hybridise to target nucleic acids that have stretches of
sequence complementarity to the antisense strand.

Before targeting of a target nucleic acid, the antisense
strand is often incorporated into an RNA guided protein com-
plex (RGPC), which can act upon the target nucleic acid. One
example of a RNA guided protein complex is the RNA
Induced Silencing Complex (RISC). It is believed that other
such RGPCs exist and that the RNA complexes of the present
invention will also be of advantage, when used with these
other RGPCs or even without interacting with any RGPCs.

One object of the present invention is to stabilise the RNA
complexes towards nucleolytic degradation in biological
media (serum, in vivo, in cell cultures).

Another object of the present invention is to improve the
gene silencing effect of a double stranded RNA complex.
This improvement can, e.g. relate to increased potency,
reduced off-target effects, reduced immune stimulation,
increased stability for storage, increased stability in biologi-
cal media like serum etc., increased duration of action and
improved pharmacokinetic properties, all relative to the
native unmodified RNA complex.

Yet another object of the present invention is to improve the
gene silencing effect of a single stranded RNA oligonucle-
otide. This improvement can, e.g., relate to increased potency,
reduced off-target effects, reduced immune stimulation,
increased stability for storage, increased stability in biologi-
cal media like serum etc., increased duration of action and
improved pharmacokinetic properties, all relative to the
native unmodified RNA complex.

It is an object of the invention to secure that only the
antisense strand, and not the passenger strand, of an siRNA
complex of the invention will mediate modifications of target
nucleic acids. The fulfillment of this object will provide RNA
complexes with less off target effects.

Another object of the invention is to ensure sufficient sta-
bility of an RNA complex in biological media. Thus it is an
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object to provide RNA complexes that display enhanced gene
regulatory function, e.g. gene silencing effect, in cell cultures
or in vivo, relative to unmodified RNA complexes.

The basic idea of the invention is to incorporate one or
more hydroxymethyl substituted monomers into an RNA
complex of the invention. In case of siRNA this could lead to
preferential incorporation of only one strand of the complex
into RISC. Incorporation of one or more hydroxymethyl sub-
stituted monomers into one (or more) RNA strand(s) of an
RNA complex will improve the life time of the RNA complex
in biological media and in vivo, and thus will lead to improved
biological activity, for example improved gene regulation
activity.

An RNA strand of an RNA complex of the invention may
comprise natural RNA nucleotides, RNA modifications
known to be compatible with gene silencing activity [ Nawrot
and Sipa, Curr. Topics Med. Chem. 2006, 6,913-925], and the
hydroxymethyl substituted monomers (FIG. 1). Phosphordi-
ester linkages may connect the individual monomers, but
modified linkages like phosphorothioate linkages and other
linkages known to a person skilled in the field [Nawrot and
Sipa, Curr. Topics Med. Chem. 2006, 6,913-925] may be used
instead. The RNA complexes may comprise two strands that
together constitute an siRNA duplex composed of an anti-
sense strand (the antisense strand is also herein referred to as
the guide strand) and a passenger strand (the passenger strand
is also herein referred to as the sense strand), but a single
stranded microRNA mimicking molecule is also considered
herein as an RNA complex of the invention, as is a single
stranded antisense molecule that for example is useful for
targeting microRNAs.

In the embodiments of the invention, the RNA complex
comprises one or more hydroxymethyl modified nucleotide
monomer(s) (see FIG. 1). Hereunder as one such example is
an acyclic nucleotide monomer, more preferably an acyclic
monomer selected from the group consisting of monomers
D-J. Thus, the embodiments described in the first aspect with
regards to hydroxymethyl modified nucleotide monomers
will apply for other embodiments relating to acyclic nucle-
otide monomers.

The use of hydroxymethyl modified nucleotide monomers
may be favoured for several reasons. They may e.g. be used to
increase gene silencing effect of the RNA complexes and the
incorporation of one or more hydroxymethyl modified nucle-
otide monomer(s), for example towards the ends of the RNA
complexes induce significant stability towards nucleolytic
degradation. They may also be used to decrease the gene
silencing effect of the passenger strand of an siRNA complex
thus reducing the number of off-target effects.

In one preferred embodiment of the invention, the RNA
complex comprising one or more hydroxymethyl modified
nucleotide monomer(s) is a single stranded RNA construct.

In one preferred embodiment of the invention, the RNA
complex comprising one or more hydroxymethyl modified
nucleotide monomer(s) is a single stranded RNA construct
that is able to inhibit gene expression by acting as a single
stranded antisense molecule.

In one preferred embodiment of the invention, the RNA
complex comprising one or more hydroxymethyl modified
nucleotide monomer(s) is a single stranded RNA construct
that functionally mimics a microRNA.

In one preferred embodiment of the invention, the RNA
complex comprising one or more hydroxymethyl modified
nucleotide monomer(s) is an siRNA construct.

Accordingly, in one embodiment, the antisense strand of an
siRNA construct comprises one or more hydroxymethyl
modified nucleotide monomer(s).
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In another embodiment, the passenger strand of an siRNA
construct comprises one or more hydroxymethyl modified
nucleotide monomer(s). In yet another embodiment, a first
and second RNA molecule of a nicked passenger strand of an
siRNA construct each contain one or more hydroxymethyl
modified nucleotide monomer(s).

In one embodiment of the invention, the number of
hydroxymethyl modified nucleotide monomers in the anti-
sense strand is 10. In other embodiments of the invention, the
number of hydroxymethyl modified nucleotide monomer(s)
in the antisense strand is 9, 8, 7, 6, 5, 4, 3, 2 or 1, respectively.

In another embodiment, all nucleotides of the antisense
strand are hydroxymethyl modified nucleotide monomers.

In a preferred embodiment, all hydroxymethyl modified
nucleotide monomers in the antisense strand is present in
positions 1-8, wherein the positions are counted from the
S'end. Even more preferably, the hydroxymethyl modified
nucleotide monomers in the antisense strand is present in
positions 2-7 corresponding to the so-called seed region of a
microRNA. Thus, presence of hydroxymethyl modified
nucleotide monomers in the aforementioned regions will pre-
vent the antisense strand from acting as a microRNA, which
reduces off target effects when the antisense strand is
intended to function as siRNA.

In a preferred embodiment, at least one hydroxymethyl
modified nucleotide monomer is present in one of positions
9-16, wherein the positions are counted from the 5'end. Even
more preferred is the presence 0f 2, 3, 4, 5 or 6 hydroxymethyl
modified nucleotide monomer is present in positions 9-16 and
in another embodiment, hydroxymethyl modified nucleotide
monomers in the antisense strand is present in all of positions
9-16. In one embodiment, hydroxymethyl modified nucle-
otide monomer are only present in regions 9-16 and not in the
rest of the antisense strand.

Even more preferably, the hydroxymethyl modified nucle-
otide monomers in the antisense strand is present in position
9-11 and preferably, not in the rest of the oligonucleotide. The
presence of hydroxymethyl modified nucleotide monomers
in the aforementioned regions will induce the antisense strand
to act as amicroRNA,, i.e. ensure that the siRNA effect will be
minimal and the microRNA effect much higher. This effect
likely stems from the reduced tendency towards full length
binding because of reduced affinity caused by the presence of
an acyclic hydroxymethyl substituted monomer, e.g. mono-
mer D.

Likewise, in another embodiment of the invention, the
number of hydroxymethyl modified nucleotide monomers in
the passenger strand of an siRNA complex of the invention is
10. In other embodiments of the invention, the number of
hydroxymethyl modified nucleotide monomers in the passen-
ger strand of an siRNA complex of the invention is 9, 8, 7, 6,
5,4, 3,2 or 1, respectively.

In another embodiment, all nucleotides of the passenger
strand of an siRNA complex of the invention are hydroxym-
ethyl modified nucleotide monomers.

In one embodiment, both the antisense strand and the pas-
senger strand of an siRNA complex of the invention contain

one or more hydroxymethyl modified nucleotide
monomer(s).
In one aspect, the present invention provides an RNA com-

plex capable of mediating nucleic acid modifications of a
target nucleic acid. Such RNA complex may e.g. be a siRNA,
microRNA or microRNA precursor (pre-microRNA).

The RNA complex of an siRNA complex of the invention
comprises a core double stranded region comprising an anti-
sense strand and a passenger strand that is hybridised to the
antisense strand.



US 9,297,009 B2

7

A target nucleic acid as referred to in the present context is
a nucleic acid, which has significant complementarity to the
antisense strand of the complex. Preferably, complementarity
is perfect over a stretch of several nucleotides.

Thus, in one embodiment, complementarity is perfect over
a stretch of 25 nucleotides.

In other embodiments, complementarity is perfect over a
stretch of 24 nucleotides, 23 nucleotides, 22 nucleotides, 21
nucleotides, 20 nucleotides, 19 nucleotides, 18 nucleotides,
17 nucleotides, 16 nucleotides, 15 nucleotides, 14 nucle-
otides, 13 nucleotides, 12 nucleotides, 11 nucleotides, 10
nucleotides, 9 nucleotides, 8 nucleotides, 7 nucleotides or 6
nucleotides, respectively.

In one embodiment, the stretch of complementarity com-
prises 1 mismatch. In other embodiments, the stretch of
complementarity comprises 2 mismatches, 3 mismatches or 4
mismatches, respectively. A mismatch of 1 is a region in the
stretch of complementarity where a base pair cannot form,
e.g. when G is opposite to A. When more mismatches are
present they may be adjacent to each other or they may be
spaced in different regions of the stretch of complementarity.

The RNA complex of an siRNA complex of the invention
comprises in a preferred embodiment a core double-stranded
region, which is a substantially double-stranded region.
Single-stranded regions in the RNA complex are primarily
related to overhangs of the complex.

Thus, in one embodiment, the double-stranded region of an
siRNA complex of the invention comprises 1 mismatch. In
other embodiments, the double-stranded region comprises 2
mismatches, 3 mismatches and 4 mismatches, respectively.

Asused herein, the term “target nucleic acid” encompasses
any RNA/DNA that would be subject to modulation guided
by the antisense strand, such as targeted cleavage or steric
blockage. The target RNA/DNA could, for example be
genomic DNA, genomic viral RNA, mRNA, a pre-mRNA, or
a non-coding RNA

Asused herein, the term “target nucleic acid modification”
means any modification to a target nucleic acid, including
those that affect the activity of the target nucleic acid, without
affecting the structure of the target nucleic acid.

A preferred target nucleic acid of the invention is mRNA.
Accordingly, in one embodiment the nucleic acid modifica-
tion mediated by the RNA complex is RNA interference
(RNAI). In a preferred embodiment, RNAi mediates degra-
dation of the mRNA. In another preferred embodiment, RNAi
mediates translational inhibition of the mRNA. In another
embodiment, the RNAimediates both translational inhibition
and degradation of the mRNA.

In other preferred embodiments, the target nucleic acid is a
non-coding RNA, e.g. a tRNA, miRNA, snRNA, snoRNA or
an rRNA.

In still another embodiment, the target nucleic acid is
genomic DNA. In such embodiments, preferred nucleic acid
modifications include DNA methylation and DNA deletion.

The size of the RNA complex of the invention can be varied
while still fulfilling one or more objects of the invention. This
e.g. applies where the particular object is reduced off-target
effect.

Thus, the core double-stranded region of an siRNA com-
plex of the invention may comprise a number of base pairs
selected from the group of 10 base pairs, 11 base pairs, 12
base pairs, 13 base pairs, 14 base pairs, 15 base pairs, 16 base
pairs, 17 base pairs, 18 base pairs, 19 base pairs, 20 base pairs,
21 base pairs, 22 base pairs, 23 base pairs, 24 base pairs and
25 base pairs, 26 base pairs, 27 base pairs, 28 base pairs, 29
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base pairs, 30 base pairs, 35 base pairs, 40 base pairs, 42 base
pairs, 45 base pairs, 50 base pairs, 55 base pairs, 60 base pairs
or 62 base pairs.

In one embodiment, the core double stranded region of an
siRNA complex ofthe invention comprises from 15 to 40 base
pairs.

In another preferred embodiment, the core double stranded
region of an siRNA complex of the invention comprises 18-22
base pairs.

In one embodiment, the core double stranded region of an
siRNA complex of the invention is even longer than 40 base
pairs, although it is known that in some cells, the introduction
of'longer double stranded RNA complex may induce an inter-
feron dependent non-specific response. In one such embodi-
ment, it is contemplated that the complex is processed to
shorter double-stranded RNA complexes before engaging
with a RGPC. An RNase I11 like enzyme such as DICER may
execute processing. Dicer also processes double stranded
RNA shorter than 40 base pairs and such RNA complexes
(referred to as Dicer substrates) have various advantages as
compared to siRNA that enters RISC without processing.
Hence, in one embodiment, the RNA complexes of the inven-
tion are Dicer substrates.

In another embodiment, the RNA complex is single
stranded and has no double stranded region.

In yet another embodiment, the RNA complex is single
stranded but folds such that it contains one or more double
stranded regions. Such embodiments are useful e.g. for mim-
icking microRNAs and their functions.

In yet another embodiment, the core double stranded
region of an siRNA complex of the invention is shorter than
10 base pairs and thus comprises from one to nine base pairs.

In one embodiment of the invention, the core double
stranded region of the RNA complex is comprised by more
than two RNA strands.

In one embodiment of the invention, the core double
stranded region of the RNA complex is comprised by three
RNA strands.

In another embodiment of the invention, the core double
stranded region of the RNA complex is comprised by four or
more RNA strands.

In a preferred embodiment of the invention, the siRNA
complex of the invention comprises overhangs. An overhang
as used in the present context refers to a short single-stranded
region following a double-stranded region.

In one embodiment, the antisense strand of an siRNA com-
plex of the invention comprises a 3'-overhang.

In another embodiment, the passenger strand of an siRNA
complex of the invention comprises a 3'-overhang.

In yet another embodiment, the antisense strand of an
siRNA complex of the invention comprises a 5'-overhang.

In still another embodiment, the passenger strand of an
siRNA complex of the invention comprises a 5'-overhang.

In a preferred embodiment, both the antisense strand and
the passenger strand of an siRNA complex of the invention
comprise a 3'-overhang.

The overhangs of an siRNA complex of the invention can
be of varying length, without interfering with the basic func-
tion of the complex. Thus, in one embodiment the overhangs
are selected from the group of overhangs with a length of 1
nucleotide, 2 nucleotides, 3 nucleotides, 4 nucleotides, 5
nucleotides, 6 nucleotides, 7 nucleotides and 8 nucleotides.

Most preferred overhangs of an siRNA complex of the
invention are overhangs with a length of 1, 2 and 3 nucle-
otides, respectively.
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In one embodiment, the overhang of the antisense strand of
an siRNA complex of the invention has the same length as the
overhang of the passenger strand.

In another embodiment, the overhang of the antisense
strand of an siRNA complex of the invention does not have
the same length as the overhang of the passenger strand

In still another embodiment of an siRNA complex of the
invention, the RNA complex comprises at least one blunt end.
A “blunt end” refers to an end of a double-stranded nucleic
acid, which does not have any protruding nucleotides, i.e.
both strands of the double-stranded nucleic acid ends at the
same position.

In another embodiment, the siRNA complex of the inven-
tion is blunt ended at both ends.

Preferred RNA complexes of the invention are similar in
overall structure to the products of DICER processing of
longer double stranded RNA complexes.

In another embodiment, the RNA complexes of the inven-
tion are Dicer substrates as mentioned above.

Other preferred RNA complexes of the invention are com-
plexes wherein the core double-stranded region comprises
18-22 base pairs, and wherein the antisense strand and the
passenger strand each comprise a 3'-overhang of 1-3 nucle-
otides.

The antisense strand of the RNA complex of the invention
can have varying lengths, without interfering with the func-
tion of the complex. Thus, in preferred embodiments, the
antisense strand is an 8-mer, 9-mer, 10-mer, 11-mer, 12-mer,
13-mer, 14-mer, 15-mer, 16-mer, 17-mer, 18-mer, 19-mer,
20-mer, 21-mer, 22-mer, 23-mer, a 24-mer, a 25-mer, a
26-mer, a 27-mer, a 28-mer, 29-mer, 30-mer, 31-mer, 32-mer,
33-mer, 34-mer, 35-mer, 36-mer, 37-mer, 38-mer, 39-mer,
40-mer, 41-mer, 42-mer, 43-mer, 44-mer, 45-mer, 46-mer,
47-mer, 48-mer, 49-mer, 50-mer, 51-mer, 52-mer, 53-mer,
54-mer, 55-mer, 56-mer, 57-mer, 58-mer, 59-mer, 60-mer,
61-mer or a 62-mer, respectively. It is to be understood that
e.g. a 19-mer is an antisense strand of 19 monomers, i.e. 19
nucleotides.

In another preferred embodiment, the antisense strand of
the RNA complex is selected from the following group of
antisense strands: A 15-mer, 16-mer, 17-mer, 18-mer, 19-mer,
20-mer, 21-mer, 22-mer and a 23-mer. In one embodiment the
passenger strand of an siRNA complex of the invention is
discontinuous. In one embodiment of an siRNA complex of
the invention, the passenger strand comprises several separate
RNA molecules. The number of RNA molecules may be 1, 2,
3,4,50r6.

In one embodiment, the length of individual RNA mol-
ecules of the passenger strand of an siRNA complex of the
invention is above 4 monomers. In other embodiments, the
length of individual RNA molecules of the passenger strand is
above 5 monomers, 6 monomers, 7 monomers, 8 monomers,
9 monomers, 10 monomers, 11 monomers and 12 monomers,
respectively.

In other embodiments, the length of individual RNA mol-
ecules of the passenger strand of an siRNA complex of the
invention is below 5 monomers, 6 monomers, 7 monomers, 8
monomers, 9 monomers, 10 monomers, 11 monomers and 12
monomers, respectively.

In one embodiment of the invention, a discontinuous pas-
senger strand of an siRNA complex of the invention com-
prises a first and a second RNA-molecule, which together
forms the discontinuous passenger strand, wherein the first
RNA molecule is hybridised to the downstream part of the
antisense strand and the second RNA molecule is hybridised
to the upstream part of the antisense strand.
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In one embodiment, the antisense strand of an siRNA com-
plex of the invention is discontinuous. Preferred discontinui-
ties of the antisense strands are the same as the preferred
discontinuities of the passenger strand.

A discontinuity of one of the strands of an siRNA complex
of the invention can be a nick. A nick is to be understood as a
discontinuity in one strand of a double-stranded nucleic acid
caused by a missing phosphodiester bond, however, without
the double-stranded nucleic acid missing a nucleotide. Thus,
the bases opposite to the nick will still be hybridised to bases
on the nicked strand.

Another discontinuity of one of the strands of an siRNA
complex of the invention is an alternative nick, which is
understood as a discontinuity in one strand of a double-
stranded nucleic acid caused by one missing bond, or more
than one missing bond in the sugar-phosphate backbone,
other than a phosphodiester bond, however, without the
double-stranded nucleic acid missing a nucleobase. Thus, the
bases opposite to the nick may still be hybridised to bases on
the nicked strand.

A gap as used as a nomination when an RNA strand of an
RNA complex of the invention can be described to have a
discontinuity where at least one nucleotide or nucleoside or a
nucleobase is missing in the double-stranded nucleic acid.

Preferably, the 5'-ends of the RNA complex is phosphory-
lated or is available for phosphorylation. Available for phos-
phorylation means that the 5'-hydroxy group has not been
blocked e.g. by direct conjugation or by other conjugation to
other groups in the vicinity of the 5'-hydroxy group, which
will prevent the 5'-hydroxy group from being phosphory-
lated.

Hence, in a preferred embodiment of the invention, the
RNA molecule(s) of the RNA complex comprise(s) a 5'-end
phosphate and a 3'-hydroxy group.

In another embodiment, the second RNA molecule of an
siRNA complex of the invention comprises a 5'-end phos-
phate and a 3'-hydroxy group.

In yet another embodiment, the antisense strand comprises
a 5'-end phosphate and a 3'-hydroxy group.

In some embodiments of the invention, it is preferred that
the RNA complex comprises nucleotide analogues other than
the hydroxymethyl modified nucleotides. Such nucleotide
analogues other than the hydroxymethyl modified nucle-
otides are termed below as “alternatively modified nucle-
otides”.

The use of alternatively modified nucleotides may be
favoured for several reasons. They may e.g. be used to
increase the melting temperature of the core double stranded
region of an siRNA complex of the invention.

The use of alternatively modified nucleotides may be
favoured to increase the melting temperature of the double
stranded structure formed between the antisense strand and
the target nucleic acid.

Accordingly, in one embodiment, the antisense strand
comprises alternatively modified nucleotides.

In another embodiment, the passenger strand of an siRNA
complex of the invention comprises alternatively modified
nucleotides.

In yet another embodiment, a first and second RNA mol-
ecule of the passenger strand of an siRNA complex of the
invention each contain alternatively modified nucleotides.

In one embodiment of the invention, the number of alter-
natively modified nucleotides in the RNA complex is 10. In
other embodiments of the invention, the number of nucleotide
analogues in the RNA complex is 9, 8,7, 6,5,4,3, 2 or 1,
respectively.
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In one embodiment of the invention, the number of alter-
natively modified nucleotides in the antisense strand is 10. In
other embodiments ofthe invention, the number of nucleotide
analogues in the antisense strand is 9, 8,7, 6, 5,4,3,2or 1,
respectively.

In another embodiment, all nucleotides of the antisense
strand are alternatively modified nucleotides or a combina-
tion of alternatively modified nucleotides and hydroxym-
ethyl-substituted nucleotides.

Likewise, in another embodiment of the invention, the
number of nucleotide analogues in the passenger strand of an
siRNA complex of the invention is 10. In other embodiments
of the invention, the number of nucleotide analogues in the
passenger strand is 9, 8, 7, 6, 5, 4, 3, 2 or 1, respectively.

In another embodiment, all nucleotides of the passenger
strand of an siRNA complex of the invention are nucleotide
analogues or a combination of alternatively modified nucle-
otides and hydroxymethyl-substituted nucleotides.

In one embodiment, both the antisense strand and the pas-
senger strand of an siRNA complex of the invention contain
alternatively modified nucleotides.

In one embodiment, the alternatively modified nucleotides
of'the RNA complex are identical, i.e. they are for example all
LNA or all 2'-O-Me-RNA. In another embodiment, various
different alternatively modified nucleotides are used in the
same RNA complex.

In one embodiment, the RNA complex comprises phos-
phorothioate linkages.

In another embodiment, the RNA complex comprises a
mixture of natural phosphodiester and phosphorothioate link-
ages.

Preferred nucleotide analogues of the invention is nucle-
otide analogues selected from the group of 2'-O-alkyl-RNA
monomers, 2'-amino-DNA monomers, 2'-fluoro-DNA mono-
mers, LNA monomers, HNA monomers, ANA monomers,
FANA monomer, DNA monomers, PNA monomers and INA
monomers, but other monomers can also be used [Nawrot and
Sipa, Curr. Topics Med. Chem. 2006, 6, 913-925].

In one embodiment the hydroxymethyl substituent of the
hydroxymethyl substituted monomers of the invention is
functionalised by a conjugating group. A conjugating group is
a group known to a Person skilled in the art that changes,
expands or improves the properties of an RNA complex of the
invention. Such groups may be useful for modulating cellular
distribution, organ distribution, tissue distribution, duplex
melting temperatures, target affinity, biostability, signalling
of hybridization etc.

In one embodiment the hydroxymethyl substituent of the
hydroxymethyl substituted monomers of the invention is
functionalised by an ether linkage between a conjugated
group and the methylene group of the hydroxymethyl sub-
stituent. See FIG. 2 (Monomer F).

In one embodiment the hydroxymethyl substituent of the
hydroxymethyl substituted monomers of the invention is con-
verted into a thioether functionality before incorporation into
the RNA complex of the invention using methods known to a
Person skilled in the art. See FIG. 2 (Monomer G).

In another embodiment the hydroxymethyl substituent of
the hydroxymethyl substituted monomers of the invention is
converted into a mercaptomethyl functionality before incor-
poration into the RNA complex of the invention using meth-
ods known to a Person skilled in the art. See FIG. 2 (Monomer
G, R—H). This mercapto functionality is properly protected
as e.g. its acetyl derivative during RNA synthesis using meth-
ods know to a Person skilled in the art.

In one embodiment the hydroxymethyl substituent of the
hydroxymethyl substituted monomers of the invention is con-
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verted into an amine functionality before incorporation into
the RNA complex of the invention using methods known to a
Person skilled in the art. See FIG. 2 (Monomer I, R—H). This
amine functionality is properly protected as e.g. its trifluoro-
acetyl or Fmoc derivative during RNA synthesis using meth-
ods know to a Person skilled in the art.

In one embodiment the hydroxymethyl substituent of the
hydroxymethyl substituted monomers of the invention is act-
ing as a handle for attachment of amide-linked conjugating
groups. This involves conversion of the hydroxyl unit of the
hydroxymethyl substituent into an amine unit, for example as
described above, and further derivatisation of this amino
group by e.g. a conjugating group by amide bond formation
using methods known to a Person skilled in the art. This may
take place before RNA synthesis or after RNA synthesis using
methods known to a Person skilled in the art (FIG. 2, Mono-
mer H)

In one embodiment the hydroxymethyl substituent of the
hydroxymethyl substituted monomers of the invention is act-
ing as a handle for attachment of amino-linked conjugating
groups. This involves conversion of the hydroxyl unit of the
hydroxymethyl substituent into an amine unit, for example as
described above, and further derivatisation of this amino
group by e.g. a conjugating group by amine bond formation
using methods known to a Person skilled in the art. This may
take place before RNA synthesis or after RNA synthesis using
methods known to a Person skilled in the art (FIG. 2, Mono-
mer I).

In still one embodiment, the amine group used for conju-
gation is an amino group, a piperazino group or a diamino
alkyl group. Such monomers are called amine-derivatised
monomers. Each of these groups may be further derivatised or
conjugated (FIG. 2, Monomer J).

In one embodiment, the RNA complex of the invention has
reduced off target effects as compared to native RNA com-
plexes.

In one preferred embodiment, the RNA complex has at
least one hydroxymethyl-substituted monomer of the inven-
tion in the antisense strand.

In another preferred embodiment, the RNA complex has at
least one hydroxymethyl-substituted monomer of the inven-
tion incorporated in or around the so-called seed region of the
antisense strand, i.e. in at least one of positions no. 1-12 from
the 5'-end of the antisense strand.

In yet another preferred embodiment, the RNA complex
has at least one hydroxymethyl-substituted monomer of the
invention incorporated in at least one of positions no. 2-10
from the 5'-end of the antisense strand.

In yet another preferred embodiment, the RNA complex
has one hydroxymethyl-substituted monomer of the inven-
tion incorporated in one of positions no. 3-8 from the 5'-end of
the antisense strand.

In yet another preferred embodiment, the RNA complex
has one hydroxymethyl-substituted monomer of the inven-
tion incorporated in one of positions no. 7 or 8 from the 5'-end
of the antisense strand.

In yet another preferred embodiment, the RNA complex
has one hydroxymethyl-substituted monomer of the inven-
tion incorporated in position no. 7 from the 5'-end of the
antisense strand.

In yet another preferred embodiment, the RNA complex
has one hydroxymethyl-substituted monomer of the inven-
tion incorporated in positions no. 9-16 from the 5'-end of the
antisense strand.
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In yet another preferred embodiment, the RNA complex
has one hydroxymethyl-substituted monomer of the inven-
tion incorporated in positions no. 9-11 from the 5'-end of the
antisense strand.

In yet another preferred embodiment, the RNA complex
has one hydroxymethyl-substituted monomer of the inven-
tion incorporated in positions no. 9-10 from the '-end of the
antisense strand.

In another embodiment, the RNA complex of the invention
produces a reduced immune response as compared to native
RNA complexes.

In still another embodiment, the RNA complexes of the
invention have a prolonged effect as compared to native RNA
complexes.

In yet another embodiment, the RNA complexes of the
invention have an increased effect as compared to native RNA
complexes. Accordingly, in a preferred embodiment, the
RNA complex mediate RNAi more effectively than the native
RNA complex, e.g. by more efficient degradation of target
mRNA or by more efficient translational inhibition of target
mRNA.

In still another embodiment, the RNA complexes of the
invention are delivered efficiently to specific organs or tissues
of a human or an animal.

Inyet still another embodiment, the RNA complexes of the
invention are able to penetrate the cell membrane efficiently.

Inyet still another embodiment, the RNA complexes of the
invention are able to penetrate the cell membrane more effi-
ciently that natural RNA complexes.

In one embodiment, the RNA complexes of the invention
are able to bind to plasma proteins which increases the reten-
tion of the RNA complexes in the human body.

Second Aspect, Preparation of RNA Complex

Another aspect of the invention is a method of preparing a
two stranded RNA complex of the invention comprising incu-
bating the antisense strand with the passenger strand under
conditions wherein a RNA complex comprising a core double
stranded region is formed, said RNA complex being capable
of mediating RNA interference of a corresponding cellular
RNA.

In alternative embodiments of this aspect, the RNA com-
plex is substituted by an RNA duplex of the invention (tenth
aspect).

Third Aspect, Method of Mediating Nucleic Acid Modifi-
cation

Still another aspect of the invention is a method of medi-
ating nucleic acid modification of a target nucleic acid in a
cell or an organism comprising the steps:

a. Contacting a cell or organism with the RNA complex of
the invention under conditions wherein modification ofa
target nucleic acid can occur

b. Thereby mediating modification of a target nucleic acid

In preferred embodiments, the method of mediating
nucleic acid modification of a target nucleic acid is performed
in vitro.

In preferred embodiments, the method of mediating
nucleic acid modification of a target nucleic acid is performed
in vivo, i.e. in animals, in humans or in non-human animals.

In preferred embodiments, the method of mediating
nucleic acid modification of a target nucleic acid is performed
in cell cultures.

In yet another embodiment, the method is performed on an
isolated cell.

In a preferred embodiment, the nucleic acid modification
of'the method is RNA interference, preferable degradation of
target mRNA or translational inhibition of target mRNA or
inhibition of other types of RNA, e.g. non-coding RNA.
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In another embodiment, the nucleic acid modification is
DNA methylation.

In alternative embodiments of this aspect, the RNA com-
plex is substituted by either an oligonucleotide of the inven-
tion (ninth aspect) or an RNA duplex of the invention (tenth
aspect).

Fourth Aspect, Method of Examining Gene Function

Another aspect of the invention is a method of examining
the function of a gene in a cell or organism comprising:

a. Introducing a RNA complex of the invention corre-
sponding to said gene into the cell or organism, thereby
producing a test cell or test organism

b. Maintaining the test cell or test organism under condi-
tions under which modification of a target nucleic acid
can occur

c. Observing the phenotype of the test cell or organism
produced in step b and optionally comparing the
observed phenotype with the phenotype of an appropri-
ate control cell or control organism, thereby providing
information about the function of the gene.

The RNA complex of the invention can be introduced into
cells e.g. using transfection, as outlined in 